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1RZDGD\VRQHRI WKHPRVWSURPLVLQJ UHQHZDEOHHQHUJ\ WHFKQRORJ\ LVEDVHGRQSKRWRYROWDLF FRQYHUVLRQRI VRODU
HQHUJ\$SSOLFDWLRQRI39V\VWHPVLQWHJUDWHGZLWKEXLOGLQJHQYHORSHDOORZVHOHFWULFLW\WREHXWLOL]HGRQVLWHIRU DQ\
IXQFWLRQDO QHHGV %XLOGLQJ LQWHJUDWHG SKRWRYROWDLF %,39 LV FRPPRQO\ XVHG LQ UHSUHVHQWDWLYH RIILFH EXLOGLQJV
XVXDOO\RFFXSLHGGXULQJWKHGD\7KHODUJHVXUIDFHDUHDRIH[WHUQDOZDOOVRUURRIVLVFRYHUHGZLWK39SDQHOV LQVWHDG
RI WUDGLWLRQDO EXLOGLQJPDWHULDOV ,QKLJKO\ JOD]HGEXLOGLQJV WUDQVSDUHQW HOHPHQWV DUHPRUH RIWHQEHLQJ HTXLSSHG
ZLWK 39 FHOOV SODFHG EHWZHHQ WZR VKHHWV RI JODVV 0RUHRYHU EUDQG QHZ WHFKQRORJLHV IRFXV FXUUHQWO\ RQ
KRPRJHQRXVWUDQVSDUHQWJODVVZLWKGLIIHUHQWWUDQVSDUHQF\
7KHPDLQ DLP RI WKH SUHVHQWHG VWXG\ZDV WR DQDO\VH WUDQVSDUHQW 39 739 LQWHJUDWHGZLWK RIILFHZLQGRZV 7KH
IROORZLQJRURIWUDQVSDUHQF\GHJUHHZHUHFRQVLGHUHGGHSHQGLQJRQWKHUHTXLUHGLOOXPLQDQFH LQVLGH
WKH URRP7KHRSWLFDOSURSHUWLHVZHUHREWDLQHGRQ WKHEDVLVRI OLWHUDWXUH UHYLHZDQGPDQXIDFWXUHGGDWD'LIIHUHQW
W\SHV RI 739 ZHUH GHILQHG IRU WKH SXUSRVH RI EXLOGLQJ HQHUJ\ SHUIRUPDQFH DQDO\VLV 1XPHULFDO PRGHO ZDV
GHYHORSHG XVLQJ FRQWURO YROXPHPHWKRG 7KH SURSHUWLHV RI 739 JODVV OD\HUZHUH HVWLPDWHG FRQVLGHULQJ WKHUPR
HOHFWULFDOVRODUHQHUJ\FRQYHUVLRQWDNLQJLQWRDFFRXQWWKHVXQEHDPDQJOHDQGWHPSHUDWXUHRIWKHSDQHO
7KHPRGHORIVLQJOHRIILFH URRPZLWK739ZLQGRZSDQHZDVDQDO\VHGQXPHULFDOO\5HVXOWVREWDLQHGIRUGLIIHUHQW
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RI SRZHUFRQYHUVLRQ HIILFLHQF\ 7DNLQJ LQWR DFFRXQW WKH HIIHFW RI KHLJKWHQHG VRODU HQHUJ\ DEVRUSWLRQ ZLWK
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,WFDQEHQRWHGWKDW39PRGXOHVWURQJO\DEVRUEHGWKHOLJKWIURPYLROHWWR\HOORZXSWRQPZKLOHLWLVPRUH




%DVHG RQ WKH VSHFWUDO FKDUDFWHULVWLF RI HDFK LQGLYLGXDO WUDQVSDUHQW FRPSRQHQW LW LV SRVVLEOH WR HVWLPDWH WKH
JHQHUDOFKDUDFWHULVWLFRIJODVVXQLW7KLVFKDUDFWHULVWLFGHSHQGVRQSURSHUWLHVRILQGLYLGXDOJODVVXQLWDVZHOODVRQ D
QXPEHU RI HOHPHQWV DGGLWLRQDO FRDWLQJV HWF 0RUHRYHU WKH FKDUDFWHULVWLF VWURQJO\ GHSHQGV RQ WKH DQJOH  RI
LQFLGHQFHRIVRODUUDGLDWLRQDVUHIOHFWDQFHRIWKHILUVWJODVVOD\HUGHWHUPLQHVWKHDPRXQWRIUDGLDWLRQWUDQVPLWWHG DQG
DEVRUEHG)RU WKHSXUSRVHRI IXUWKHU DQDO\VLV WULSOHJOD]HGXQLWZLWK WUDGLWLRQDO FOHDUJODVV )LJD DQGH[WHUQDO
JODVVUHSODFHGE\D6L+39OD\HUZHUHFRQVLGHUHG7KHSURSHUWLHVZHUHHVWLPDWHGWDNLQJLQWRDFFRXQWVWDQGDUGVRODU
VSHFWUDO LUUDGLDQFH >@ IRU ILYHPDLQ DQJOHV RI LQFLGHQFH7KHREWDLQHGGDWD FRXOGEHGLUHFWO\ LQFRUSRUDWHG LQWR D






















7KHZKROH DQDO\VLVZDVGRQHXVLQJ(63U VLPXODWLRQ VRIWZDUH >@7KHSRZHU RXWSXWRI WKH39PRGXOHVZDV
FDOFXODWHG XVLQJ :$768139 PRGHO ZKLFK DVVXPHV WKDW VKRUW FLUFXLW FXUUHQW DQG RSHQFLUFXLW YROWDJH DUH
WHPSHUDWXUH GHSHQGHQW >@ 7KH 39 SDUDPHWHUV ZHUH DVVXPHG DV IRU W\SLFDO WKLQ ILOP &,6 SDQHOV ZLWK RSWLFDO
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SURSHUWLHVDVSUHVHQWHGLQ)LJXUHE6LPXODWLRQVZHUHFDUULHGRXWIRUDW\SLFDOPHWHRURORJLFDO\HDUDQGGHYHORSHG
IRU D VSHFLILF ORFDWLRQ RI WKH FLW\ RI /RG]q¶1 DQG q¶( 3RODQG &HQWUDO (XURSH 7KH ORFDWLRQ LV
FKDUDFWHULVHGE\ DPRGHUDWH FOLPDWH FRQGLWLRQZLWK GLIIXVH VRODU UDGLDWLRQGRPLQDQWVGXULQJ WKHZKROH \HDU7KH
ZHDWKHUILOHRI7\SLFDO0HWHRURORJLFDO<HDU70<XVHGLQDVLPXODWLRQZDVGHYHORSHGRQWKHEDVLVRIUHDOZHDWKHU






7KH PDLQ HIIHFW RI DSSOLFDWLRQ RI 39 VHPLWUDQVSDUHQW ZLQGRZ LV WKH GHFUHDVH LQ VRODU HQHUJ\ HQWHULQJ IURP
RXWVLGH E\ ORZHU VRODU WUDQVPLWWDQFH LQ FRPSDULVRQ ZLWK WUDGLWLRQDO FOHDU JODVV 7KH HIIHFW RI VRODU KHDW JDLQV
UHGXFWLRQ E\ 39 VHPLWUDQVSDUHQW ZLQGRZ LV VXEVWDQWLDO DQG GLUHFWO\ SURSRUWLRQDO WR ORZHU YDOXH RI VRODU
WUDQVPLWWDQFH 7KH VRODU HQHUJ\ WUDQVIHUUHG WKURXJK WKH ZLQGRZV LV y WLPHV ORZHU WKDQ IRU WUDGLWLRQDO JODVV
















6XEVWLWXWLRQ RI WUDGLWLRQDO JOD]LQJ HOHPHQW E\ VHPLWUDQVSDUHQW 39 LQ WULSOH JOD]HG ZLQGRZ OHDGV QRW RQO\ WR
UHGXFWLRQLQVRODUKHDWJDLQVEXWDOVRDOORZVWKHSURGXFWLRQRIVRPHDPRXQWRIHOHFWULFLW\7KHSUHVHQWHGFDVHLVD
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7KH SUREOHP GHVFULEHG LQ WKLV SDSHU LV UHODWLYHO\ QHZ DQG VWLOO UHTXLUHV D ORW RI QXPHULFDO DQG H[SHULPHQWDO
DQDO\VLV $XWKRUV GHWHUPLQHG WKH RSWLFDO SURSHUWLHV RI WULSOH JOD]HG ZLQGRZV ZLWK H[WHUQDO OD\HU PDGH IURP
VHPLWUDQVSDUHQW 39 PDWHULDO 7KLV DOORZV D VLPSOH PRGHO RI VLQJOH RIILFH URRP WR EH EXLOW DQG D QXPEHU RI
QXPHULFDO DQDO\VHV RI KHDW WUDQVIHU DQG VRODU HQHUJ\ FRQYHUVLRQ LQWR HOHFWULFLW\ WR EH FRQGXFWHG7KHPRGHOZDV
GHYHORSHGXVLQJ D IXOO\ G\QDPLFPHWKRGDYDLODEOH IURP WKH VLPXODWLRQ VRIWZDUH(63U7KHREWDLQHG UHVXOWV VWLOO
UHTXLUHWREHYHULILHGH[SHULPHQWDOO\
7KHSURSRVHGVROXWLRQVVHHPWREHSURPLVLQJEHFDXVHRIWKHSURWHFWLRQDJDLQVWRYHUKHDWLQJDQGDQ XQFKDQJHDEOH
RSSRUWXQLW\ IRU D YLVXDO FRQWDFW ZLWK H[WHUQDO HQYLURQPHQW WKH\ SURYLGH +RZHYHU WKH DPRXQW RI HOHFWULFLW\
SURGXFHGE\39JOD]LQJLVLQVXIILFLHQW$GGLWLRQDOO\WKHHIIHFWRIOLJKWFRORXUDQGRWKHUYLVXDODVSHFWVFDQPDNHWKLV





7KLVZRUNZDV IXQGHG E\7KH1DWLRQDO&HQWUH IRU5HVHDUFK DQG'HYHORSPHQW DV SDUW RI WKH SURMHFW HQWLWOHG
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